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METHOD OF ADMINISTRATION OF IGF-I 
Background of the Invfintinn 

Field of the Invpntinn 

5 that th '""7" '° ' "'^ ^'^^^""^ ^^^-^ - f-h:on such 

hat .e .ax^u. favo.h.e b.o.o.ca, aoti.ty of IGF-, ,s ach.cved and «.cd . the treatntcnt of chrol 
disorders, with mmimized unfavorable side effects. 
Descriptinn nf B>.lnf qd piscinsnrp-i 

Human insulin-like growth factor-I riGF-n „ i/iaa ^-i, i ■ 
u K , o 7649-dalton polypepude with a pi of 8.4 [Rinderknechi 

£ta^. IS: 49 (1986); U.S. P,l N.. 4,988,675; WO 9,™253; ^ WO „/230„ .GF.,";: 
^™y«™=*c»™,,„,oi^t„,^„,„„^^,,,^ Unto™,.,., „™„„, 

» U,S. p.,. No. 5J73.961; 5.126.324; 5.187,15,; 5.202.1,9; 5.374.620, 5 ,06832- 4,88675- 

5.«.832;5,«^4;,093,3,7;-4.8,6.242..WO,2,,,.65^WO94/,6722«o„;:'J:^^^ 

of treating paUents using IGF-I. 

^T^' '^"^^^ ^ti°'°g>' of some clmioal phenotypes which give nse to msului resistance and 

- see, Elahi « Hemodynamic and metabolic re^onses to human insulm-lilce growth factor-. (IGF-l) 
^f^^^^^^^^^^^^^ (Spencer. EM. ed.). Elsevier, New Yorlc. pp. 2 ■ 9 

rccombm^t human i„^.,i,egrow^ , » 0- «ype 1 1 diabetes melhtus.^' m: M.d^,,C^ 
ghs. n-l„Wc Growth F.,or^ (Spen., e^ ,,,, nisevier. New York. pp. 705-714 (1991)7^;;;:;;;;:;^ 
a^H:675-679C1991);Usala../..KE^^ 

Sn^^ 75: 30-36 (1992, Zenobi « ./.. J^Ji^ gO: 2234-2241 (1992); Zenobi « 7^ 
^M:908 1913(1992,Ke.«<X^j^ 

94/ 6722 discloses a method of chronic modification of cell barrier propertes by exposing a cell to a 
modification-effective amount of ,GF-I for a. least about seven days and a method of chronic amelioration or 
reversal of insulin resistance. However, when IGF-I was used to treat type 1, diabetes patients in the clmic at 
0 dose of 120-160 ^g/kg twice daily, the side effects outweighed the benefit of the treatment. Jabri « ./ 
Site 43: 369-374 (1994). See also Wilton. Acta Paediatr 383: .37-14, (.992) reg.ding side effects' 
Observed upon treatment of patients with IGF-L 

IGF-I has also been found to exert a variety of actions in the kidney. Hammerman and Mii.er Am J 
PhmoL 265: F,-F14 (1993). ,t has been recogmzed for decades that the increase m kidney s.e obse,;^ 
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tiaL^.i.itel«sl. 1: ,5,-,6, P.. No. 5.273,56, 

^™ or ™. .. ^, _ ^ „^ ^ 

993, U.S.Pa,.N..5.,«.S32. Fu*e,.ta^„|4,™^.,,„,^,„,,^^,„ 
9L. 39,-396 (1993). 1GFBP„ i„ ^ ^„ ^ "^^^ 

d..o,i, 1" ""^ """" """^ '"""^ °' - "T 

oLT° ^""'■^==-«»-^^:-«36„9S6,, ^ 

occurred Within the first 12 dav^ nflrtP I a ■ "juik ujcarancc 

. actanustrauon to a GH-insensitive Laron dwarf. TTie increase was 

progress.veoverthe„ext59days.Walkcrera/..iPeiatt.i2i:641.646(19^^^ 

GH stimulates the synthesis of IGFBP3 in liver. Hatntnennan and Miller, supr., Cohick and 

C^™. Kupfer e, s.pra It is the reduction tn levels of circulating GH resulting from IGF-1 

^tion Of pituitary GH release that is thought to re^t . Uie fall of circulating IGPBP ui hum J 

administered IGF-I. Becau. of their GH in^.ti.ty. IGFBP3 levels are low and are mcreased hy lo7Z 

Laron dwarfs. Kenety . A^^^E^d^ ^4-149 (.993). TTiis different or another m the IGF-I 

effector system could explain the absence of refractoriness to IGF-I m these individuals. 
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acromegaly showed marked renal hyperiroDhv .nH h ^ """^ long-standing 

"ijunous to the kidney. Mos e, al sv.m- u u ifcuiaung GH and IGF-I in humans is not 

y ^"^'■•-/''---Hoogenberger^AcjaEndocm^ 

f the effect of IGF-I on the kidnev see H^n, . 
PhvsioL. 265: FI-F14 (19931 and P,n,„, ... "^«™an and Miller, Am. J. 

- -0. one. .c-rr::r::rc:r ^^^^^^^^^ 

All of these studies indicate thar fhrr^ ;c , j ■ , 

. ce„» p»«, <,^^t; ^ 'V " — " no. 

effecoflGF., " ™= =»-y ™l n™e, *e 

2Q Summary nfrh^ Tn^.^^i^^i 

adnunistrationforapenodoftimecquaJtoorlessthanthe/ • .7 totinumg said 

exposure to IGF-I for a nerioH nf mammal to provide an 

- « P..0., ^^rz:;r:r.rr™'"^^^*---'- 

lOM ,0 the ■ te.p«..icdl, „f 
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manual, .aid tune penods of discontinuing adnums.ation being for a penod of ,in,e equai ,o or less than the 
time penod during which the IGF-I was just previously administered. 

Brief Descnpti on of the Drnwinp .; 
Figure 1 depicts mulin clearance for five patients as a fijnciion of days in the scudv. 
Figure 2 depicts PAH clearance for five patients as a function of davs in the studv 
Figure 3 depicts IGF-I levels for five patients as a function of days in the studv (normal ,s 1 35-449 
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ng/mL). 
mg/L). 
ng/mL). 
ng/mL). 
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study. 



Figure 4 depicts IGFBP3 levels for five patients as a function of days in the study (norrnal is 1.9-3.6 

Figure 5 depicts IGFBPl levels for five patients as a function of days in the study (nonnai is 10-150 

Figure 6 depicts IGFBP2 levels for five patients as a itinction of days in the study (nonnai is 225-1038 

Figure 7 depicts mulm clearance m Patient 2 as a function of days in the studv and weeks m the studv 
Figure 8 depicts inulin clearance m Patient 3 as a function of days in the studv and weeks in the studv 
Figure 9 depicts mulm clearance m Patient 4 as a fi:nct.on of days m the studv and weeks m the study 
Figure 10 depicts uiulin clearance in Patient 5 as a function of days in the smdy and weeks in the study 
Figure 1 1 depicts inulin clearance for five patients as a function of days in the study and weeks in the 
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Detailed Dcsmptirm nf tjie PreferrnH Pmbodiments 

Definitions 

As used herem, "biologicaJ response" refers to the favorable response of a mammal havmg a specific 
chronic disorder to treatment .nth IGF-I. Maximizing the response means unproving efficacv but at the same 
Ume avoidmg or at least minimizing the occurrence of side effects. ITie response is tailored to the disorder bemg 
treated. ITius. for example, "biological response" in the context of end-stage chronic renal failure or "improved 
kidney fimct.on" refers to delaying the tmie a patient has to go on dialysis by at least one month. "Biological 
response" m the context of diabetic mdications refers to decreasing a mammal's blood sugar levels, and reducmg 
markers of glycemic control such as hemoglobin A 1 In the context of anabolic disorders, the phrase refers to 
increasmg anabolic parameters and clinical phenotypes. In the context of cardiac disorders, the phrase refers 
to improvement in cardiac function. "Sustained biological response" refers to maintaining the biological 
response (without substantial side eflFects) for an extended period of time as is considered appropriate for the 
disorder in question. 

A "period that provides the maximum biological response" refers to a time period representmg the 
maxmium tmie required to obtam and maintain, or to stimulate, the favorable biological response m the mammal 
This amount of time will depend, for example, on the type of mammal being treated, the type of disorder being 
treated, and the dose bemg administered (to avoid side-effects). Preferably, this amount will be m the range of 
from about three to twelve days, more preferably three to five days or seven to twelve days, when the treaunent 
cycle IS a total of seven days or 1 4 days, respectively. 

"Provide an exposure to IGF-I" refers to an exposure that is contmuous or in consecutive days (at least 
once a day consecutively) over the penod of days specified, Tliis may be accomplished, for example, by daily 
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or twice daily injections, or by long-acting fonnulat.ons of IGF-I that are taken once but provtde continuous 
exposure of the ma^nal to the IGF-I for the duraUcn of the desired exposure penod of the treatment. The 
discontinuance of treatment for injections of at least da.ly frequency is a continual or daily consecutive lack of 
treatment for the period specified. The discommuance of treatment for long-acting formulations begins when 
the blood levels of IGF-I have fallen below the desired or maxmium level for efficactous treatmem and ends 
when the IGF-I is agam administered to the mammal. 

"Treatment" refers to both therapeutic treatment and prophylactic or prevemative measures. Those m 
need of treatment mclude those already with the disorder as well as those prone to havmg the disorder or 
diagnosed with the disorder or those m which the disorder is to be prevented. "Consecutive" treatment or 
admmistration refers to treatment on at least a daily bas.s without mtemiption m treatment by one or more days. 
"Intermittent" treatment or administration, or treatmem or admmistration in an "interminent" fashion refers to 
treatmem that is not consecutive, but rather cyclic in namre. The treatmem regmie herem mvolves short-term 
admimstration on an intermittem basis as part of a single, long-term course of treatment. 

One method of judging the con^ct intermittent rcgmicn for a particular mdication of use is to administer 
IGF-I by daily injection until the time of the maxima] effect of the drug is obtained and before the biological 
response wanes or until side effects occur to any significant degree, whichever occurs earlier. This is die most 
suitable period of treatment as defmed herein. The maximum period of rest from treamient will be an equivalent 
or more usually a lesser, interval of time. Hence, the uvo gauges of the mtermmcm regmic that is most 
appropriate are the maxmium efficacy observed and the occurrence of side effects, with the Ireaunent bemg 
20 tailored to minimize the side effects seen in a particular disease state. 

"Side effects- refer to effects of tieamient with IGF-I that are not the intended effects such as, e.g.. 
cardiac effects including syncopal episodes with lightheadedness, faintmg and seizure activity, bradycardia 
associated with nausea and dizziness, transient atrial fibrillation, hypoglycemia, and asymptomatic tachycardia. 
Other side effects include Bell's palsy, intracranial hypenension. papilledema, hypokalemia, mild weight gam, 
dyspnea, bilateral jaw tenderness, orthostatic hypotension, local buming or pain at the mjection site, headaches 
mcluding migrame headaches, abdommal pam, sinusitis, jaw pam, edema, paratid swelling, myalgias, arthralgias, 
fatigue, weakness, snoring, breast enlargement, back pain, flushing, difficulty breathing, transient hypertension, 
kidney stones, and coarsing of facial features. Effects on breathing mclude tonsillar and adenoidal enlargement 
and acute pulmonaiy edema, and adverse effects on blood cells include thrombocytopemic purpura and 
30 neutropenia. 

As used herein "chronic" refers to a disorder that is not acute but rather occurs more or less on a 
continuous level. A "disorder" is any condition that would benefit from treatment with IGF-I, including bm not 
limited to, for example, chronic lung disease, hyperglycemic disorders as set forth below, chronic renal disorders, 
such as chronic renal insufficiency, end-stage chronic renal failure, glomerulonephntis. interstitial nephritis, 
pyelonephritis, glomenilosclerosis. e.g.. Kimmelstiel-Wilson in diabetic patients and kidney failure after kidney 
transplantation, obesity. GH-insufficiency, Turner's syndrome, Laron's syndrome, short stature, undesirable 
symptoms associated with aging such as increasing lean mass-to-fat ratios, mununological disorders such as 
immunodeficiencies including decreased CD4 counts and decreased immune tolerance or chemotherapy-induced 
tissue damage, bone marrow transplantation, diseases or insufficiencies of cardiac stnictxire or function such as 
chronic heart condiuons and congestive heart failure, chronic neuronal, neurological, or neuromuscular disorders. 
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e.,.. peripheral neuropathy, multiple sclerosis, myotonic dystrophy. cataboHc states assorted with wastt^g 
caused hy any condition, including. „a or wounding or ^nfect.on such as w.th a bactenu. or hun,an 
vtr^suchasMV,Larondw^,s..wottnds.s.and,.^^^^^^ 

forth. The d,sorder betng treated may be a combination of two or more of the above disorders 

For pun^oses herein, -hyperglycentic disorders" refers to all forms of diabetes, such as „pe I and t,.e 

d.abetes, as well as h^^ennsuhnen^a .d hyperlipidenua. e.g., obese subjects, and utsul.-res.sta.t d.abetes 
such as Mendenhairs Sy„dron,e. Werner Syndrome, leprechaun:^, hpoatrophic diabetes, and other 
l.poatroph,es. The preferred hyperglycenuc d.sorder is diabetes, especially type II diabetes 

>0 ^^-^^^OP-Im.ebloodfor.e«e„dedpenodoft^e.generanybeyondo„eday.soU,atm^^^^^^^^^ 

IGF rT/.'"' '"''""^ ^^-P'^- — '^-lease formulattons 

IGF-I that .s PEGylated, and IGF-I fonnulated or complexed with an IGF binding proteb 

"Matrunal" for purposes of treatment refers to any anunal classtf.ed as a mammal, mciudmg humans 
omest,c and fann animals, and zoo, spons. or pet ammals. such as dogs, horses, cats, sheep, p.gs. cows, ... 
15 Preferably, the mammal herem IS human. 

As used herein. •TGF-," refers to msulm-lice grov^ factor-1 from any species, mcludmg bovme ov.ne 
Porcme, equme, av.an, and preferably hum», m native-se.uence or m variant form, and from any source' 
Whether natural, sy^thettc, or recombinant. IGF-I ha. been .solated from human sert^m and produced 
recombmantly. See,e.^.,EP 123,228 and 128,733. 
20 Preferred herem for human use is human nattve-sequence. mature IGF-I. more preferably wtthout a N- 

enmna. -'^onin^Prepared. by the process described in EP 230.869 published Au^'t 5, 1987; EP 

128.733pubhshedD«:ember,9, .984; orEP288.45.published October 26,1988. Morepreferably.thisnat^v^^ 
sequence IGF-I ,s recombmanUy produced and is avatlable from Genentech. Inc.. South San Franc.sco CA for 
Clinical investigations. 

'^""'"^ " P^'- wo «7/0>038; and WO 

89/05822. those wherem at least the glutamic acid residue is absent at pos.t^on 3 from the N-tenmnu.s of the 
mature molecule or those havmg a deletton of up to five ammo acds at the N-termmus. The most preferred 
varrant has the f.st three amir, acids from the N-termi„us deleted (variously designated as brain IGF UGF-I 

des( 1 -3)-IGF-r, or des-IGF*I> ' 
Modes for rnr rving nut thn rnv^nti»r. 

'^'^-^ ^<^^««-«' '° -ammaJ by any Stable techmque, depending mainlv on the nature 
of the ^sorder and type of mammal, including paren.erally, intranasally, intrapuhnonary, orally, or bv absorptton 
through the skm. It can be admintstered locally or systemtcally. Examples of parenteral admm.straUon mclude 
subcutaneous, intramuscular, mtravenous, intraartenal. and mtraperitoneal admimstration. This includes 
mjecuonscsmgleormulttple..,.. 1 -4 per day) or infitsions. Preferably, the IGF-I is administered by datly or 
twice daily subcutaneous mjections or by subcutaneous or intravenous infusion. 

The IGF-I to be used m the therapy will be formulated and dosed m a fashion consistent with good 
medical practice, takmg mto account the clmical condition of the individual patient (especially the side effects 
of freatment with IGF-I as noted above), the site of dehveiy of the IGF-I composition, the method of 
admimstration, the schedulmg of admimstration. and other factors lcno^.. to practitioners. The mcdence of side 
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.ffects Of IGF-I may be reduced by decreas.g the dose. Kupfer . ./., Hanman er ai. y Inves, 

il: ^53-.462 (1993, The Vffec.ve of 10... for purposes here, .s ^us dctcn"!^::;' 

cons.deraUo„s and .s an an^ount that tncreascs and mau,tains the relevant, favorable biologtca, response of the 
maininaJ. 

5 As a general proposition, the total phannaceutically effective amount of IGF-I adnunistered paremerally 

per dose w.ll be the range of about 5 to .000 ,g/kg/day. preferably ,0 to 500 ug/.g/day, ntore preferably 
a ou. 30 to 200 ,g/kg/day, of patient body we.ght. although, as noted above, thts w.,1 be sub.cct to a great deal 
of therapeuttc d,scrct,on. For example, wtth treatment of chrome renal failure, the dose pe; dav .s preferably 
about 1 0 to 1 60 Hg/kg. more preferably 20 to 1 00 ^e/kg, and most preferablv about 25 to 75 pg/kg 

The penod of treatment wtth IGF-I is that whach provides a maxmtum biological response as defied 
above preferably about 3 to 1 2 days, more preferably 3-8 days, most preferably 4-7 days, and the off-treaUnent 
penod .s about 2-10 days, more preferably 2-8 days, most preferably 2-7 days. In a parttcularly prefet^d 
embodtment. the on-treatme„t period is about 3-5 days for a 7-day cycle and about 7-12 days for a 1 4-dav cycle 
and the off-treatment period is about 2-4 days for a 7-day cycle and about 2-7 davs for a 14-day cvcle The 
specific length of these penods depends mainly on efficacy data, side effects if any. the time required \o achieve 
max™ biological response, the maximum tmie required for maintenance of a biological response, and for 
the off-treatment, the penod of treatment employed as noted below. The treatment patten, of administering IGF-I 
and then stopping administration thereof is repeated until the desired maintained biological response is obtained 
m the mammal. In one embodiment, the same length of treatment and discontuiuance of treatment .s repeated 
and the same dosing is used during each cycle; however, the mvention also encompasses the situation where each 
cycle of on and off treatment involves a different period of time and/or dosing. For example, ifs.de effects were 
observed dunng the initial treatment penod, the repeated treatment period and/or dosing might be reduced 
whereas if efficacy increases during the first treatment with no substantial side effects, the second penod of 
treatment and/or dosing might be increased. 
25 The on- and off-treaunent periods of time are proponionate and mterdependent. such that the penod 

of time when treaunent is no. earned out is no longer than the penod when treaUnent is canted out. For example 
.f the patient ,s treated for 4 days with IGF-I. he or she can be off treatment for up to 3 days, but not for 4 or 
more days; at that pouit the patient needs to be treated again with IGF-I. In a preferred embodiment, the cycle 
of treamient adds up to a total of 7 days or 14 days to ease tracking of the treatment by the patients. TT.e tabic 
30 below illustrates this scheme; 
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parenteral adnunistrauon. in one embod:n,e„, the IGF-l .s formtUated gcnerallv by ™xmg it a, 
.he des.red degree of pttrity. in a un.. dosage mjeotable fonn (soluttoa st.pe„s,on, or e^ulston) w.th a 
Phannaceutieally acceptable ca^er. one that ,s non-toxtc to rec.p.ents at the dosages and concentrations 
employed and ,s co.paUble ..th other mgred.ents of the fonnu.at.on. For example, the fonnulation preferably 
■ does no. ,nclude ox,d.zmg agents and other compounds that are known to be dele.enous to polypeptides 

Generally, the fonnulafons are prepared by comactmg the IGF-I umfor^^v and mt^atcly w.th hqu.d 
carr,ers or f.e.y div.ded soHd capers or boa.. Then, tf necessaty, the product ,s shaped ,nto the dcstrcd 
or^ulauon. Preferably the ca^er is a parenteral earner, tnore preferably a sol.tton that ts .sotontc w.th *e 
blood of the recpient. Exan^ples of such earner vehicles tnclude water, saltnc, lager's solufon. and dextrose 
soluuon. Non-aqueous vehicles such as fixed oils and ethyl oleate are also usefitl hercu,, as well as lipo,on,es 
The earner suitably contains minor amounts of additives such as substances that enhance .sotonion- 
and chetntcal stability. Such tnater^a.s are non-toxic to recipients at the dosages and concentrations employed 
and include buffers such as phosphate, citrate, succinate, acetic ac.cl and other organic acds or the. salts' 
antioxidants such as ascorbic acid; low molecular weight (less than about ten residues) polypepudes 
polyarginuie or tripeptides; proteins, such as serum albumin, geiatui, or immunoglobulins-, hydrophilic polymers' 
such as polyvinylpyrrolidone: ammo acids, such as glycine, glutamic acid, aspartic acid, or argimn. 
monosacchandes, disaccharides. and other carbohydrates including cellulose or its derivatives, glucose mannose' 
or dextnns; chelating agents such as EDTA; sugar alcohols such as mannitol or sorbitol; countenons such as 
sodium: and/or non-ionic surfactants such as polysorbates. poloxamers, or PEG, 

The IGF-I is typically formulated in such vehicles at a concentratton of about 0, 1 mg/mL to 1 00 mg/mL 
preferably 1-10 mg/mL. at a pH of about 4,5 to 8. Full-length IGF-I .s preferably fonnulated at a pH about 5-6 
and des(1.3)-IGF-I is preferably fonnulated at a pH about 3.2 to 5. 1, will be understood that use of cenam oJ 
the foregomg excipients. earners, or stabilizers will result in the formation of IGF-I saltii. 

While the IGF-I can be formulated in any way suitable for administration, the preferred fonnulation 
contams about 2-20 mg/mL of IGF-L about 2-50 mg/mL of an osmolyte. about 1-15 mg/mL of a stab.Ler and 
a uffered solution at about pH 5-6, more preferably pH about 5-5.5. Preferably, the osmolyte is an morganic 
salt at a concentraUon of about 2-10 mg/mL or a sugar alcohol at a concentration of about 40-50 mg/mL the 
stabilizer is benzyl alcohol or phenol, or both, and the buffered solution is an acetic acid salt buffered solution 
More preferably, the osmolyte is sodium chloride and the acetic acd sah is sodium acetate Even more 
preferably, the amount of IGF-I is about 8-12 mg/mL. the amount of sodium chloride is about 5-6 mg/mL the 
amount of benzyl alcohol is about 8-10 mg/mL. the amount of phenol .s about 2-3 mg/mL, and the amount of 
sodium acetate is about 50 mM so that the pH is about 5,4. Additionally, the fonnulation can contam about I -5 
mg/mL of a surfactant, preferably polysorbate or poloxamer. in an amount of about 1-3 mg/mL. Alternatively 
the formulauon is suitably IGF-I dissolved at 5 mg/ml m 1 0 mM citrate buffer and 1 26 mM NaCI at pH 6, 

IGF-I to be used for therapeutic admmistration is preferably sterile. Stenlity is rcad.lv accomphshed 
by filtration through stenle filtration membranes (e.g., 0.2 micron membranes). Therapeutic IGF-I composition 
generally is placed into a container having a sterile access pon. for example, an intravenous solution bag or vial 
havmg a stopper picrceable by a hypodennic mjecUon needle. 

The IGF-I ordinarily will be stored in unit or multi-dose containers, for example, sealed ampoules or 
vials, as an aqueous soluuon. or as a lyophilized fomiulation for reconstitution. As an example of a lyophilized 
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formulation. lO-n^ vials are filled with 5 ^ of sterile-filtered ,% (w/v) e.ueous IGF-I solutions, and the 
resultrng n„xtttre ts lyophiltzed. The truuston soMon .s prepared by reconst.tutmg the Ivophil.ed IGF-i ustrt, 
bactenostatic Waler-for-Injection. 

IGF-I can be adnunts.ered along w.th a low-protetn dtct or wtth a low-proteu, diet m conjunctton wtth 
nuinent supplements such as ketoacid supplements. 

in addhton, the IGF-I is appropnately adnuntstered together with any one or more of tts bmdmg 
proteins, for example, those currently knovvn, i.e., IGFBPl. IGFBP2. IGFBP3. IGFBP4. IGFBP5 or IGFBP6 
orw„htheacid-labilesubunu(ALS)oftheIGFbtndtngcomplex. Such protetns may be admtmstered separate,: 

for adm.n,strat,on. The preferred b.nd.g protetn for IGF-I herem .s IGFBP3. which is described tn U S Pa, 
No. 5,258.287 and by Martm and Baxter. J.£ioLCheni. 261: 8754-8760 (1986). Th.s glycosylated IGFBP3 
protetn ts an ac.d-stable component of about 53 Kd on a non-reducing SDS-PAGE gel of a 125-150 Kd 
glycoprotein complex found in human plasma that carries most of the endogenous IGFs and ,s also regulated by 
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TTic admintstrauon of the IGF bmdmg protem w.th IGF-I may be accomphshcd by the method dcscnbed 
m U.S. Pat, No. 5.187.15,. Briefly, the IGF-I and IGFBP are adnnnistered m effective amounts by subcutaneous 
bolus mjection m a molar ratio of from about 0.5:1 to about 3:1, preferably about 1:1. 

In a further emboduncnt. depending on the chrome disorder bdng treated, another drug besides IGF-I 
or IGFBP ,s administered in conjunction with the IGF-I. For example, for a renal mdication. it may be desirable 
to a Wter m conjunction with IGF-I other renally active molecules that promote reabsorpuon and retenUon 
of electrolytes such as. atnal natnuretic peptide (AM>). ANP analogs, or any vanants thereof with or 
without receptor activity, urodilatin. human B-typc natnuretic peptide (BNP). angiotension receptor antagonist 
vasopressui and its analogs, and endothelin antagonists such as antibodies or peptide antagonists. One example 
^BQ-,23 ah^«./..y|escience. 50: 247-250 fl992]; IP 5 1 .94254A published August 3. 1993; Webb era, 
aochem.B,-ophysP.s Pomni 185: 887-892 [1992]). a cyclic pentapeptide that is a potent and specific blocker 
of endothelm A receptors and blocks only the hypertrophic activity mduced by endothelm- 1 , not CT-1 mouse 
LIF. or phenylephnne. Another example is the parent compound to BQ-123 descnbed by Diara « ./.. B.ochim 
Biophvs. Res ror.m 178: 132-137 (1991). Further examples include those described in EP 647.236; EP 
647,449; EP 633.259 (phenyl-sulfonyl amino-pjTimidinc derivatives): EP 601.386 (sulfonamide compounds) 
U.S. Pat. No. 5.292.740 (phenylsulfonamidopyrinudines); and U.S. Pat. No. 5.270.313 (phenyl-sulfonyu' 
ammopyrtmidine derivatives). In addition, angiotensin-conveiting enzyme (ACE) inhibitors may be beneficial 
m conjuncuon with the IGF-I treatment of renal disorders. 

In the treaunent of congestive heart failure. ACE inhibitors may be useful together with IGF-I by 
reducmg systemic vascular resistance and relieving circulatory congestion. The ACE inhibitors mclude but are 
not limited to those designated by the trademarks Accupril® (qumapril). Altace® (ramipril). Capoten® 
(captop^nl). Lotensu,® (benazepril). Monopril® (fosinopril). Prinivil® aisinopril). Vasotec® (enalapril) and 
Zestnl (lismopnl). One example of an ACE inhibitor is that sold under the trademark Capoten® Genencally 
referred to as captopril. this ACE inhibitor is designated chemically as l-[(2S).3-mercapto.2-methylpropionyl]- 
L-proIine. 
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As anomer exan^ple of combmauon thenpy. for an anabohc md.cation. it n,av be desirable to adnnn>ster 
both IGF-I and OH to .he naannnal, each m effective an^ottnts. or each tn amounts that are sub-optitnal but when 
comb,„cd are effective. Preferably, such an,oun,s are about 50 to 100 Mg/kg/dav of IGF-I and about 0 3 
mg/kg/wcek GH, Preferably, GH and IGF-I are adnuntstered together, the adnnmstrat,on of both IGF-, and 
GH ,s by mjecon using, e.g., intravenous or subcutaneous means. More preferably, the administration is by 
subcutaneous mjection for both IGF-I and GH, most preferably daily injections. 

It is noted that practitioners devising doses of both IGF-I and GH should take into account the known 
s,de effects of treatment with these hormones. For GH, the s.de effects .elude sodium re.ent.on and expans.on 

lar volume (Mos../..A,ia£,,^^ ^ 
Endojvletab. 21: 361-370 [196,]). as well as hypennsulmemia and hn=erglycemta. The s.de effects of";^ 
are noted above. Indeed, the combmation of IGF-I and GH may lead to a reduction m the unwanted side effects 
of both agents (e.g.. hypoglycemia for IGF-I and hyperinsulinism for GH) and to a restoration of blood levels 
of GH, the secretion of which is suppressed by IGF-I. 

The IGF-I and GH. preferably the full-length IGF-I. may be administered separately or may be 
fonnulated together in an appropnate carrier vehicle to form a pharmaceutical composition that preferably does 
not contam cells. In one embodonent. the buffer used for formulation will depend on whether the composition 
will be employed m,med.atcly upon mixmg or stored for later use. ff employed unmediately after mixmg a 
mixture of full-length IGF-I and GH can be fonnulated in monnitol, glycine, and phosphate pH 7 4 If this 
nuxture is to be stored, it is formulated in a buffer at a pH of about 6. such as citrate, with a surfactant that 
mcreases the solubility of the GH at this pH. such as 0.1% polysorbate 20 or poloxamer 188. The fmal 
preparation may be a stable liquid or Iyophiiized solid. 

Tlie preferred combined composition comprises IGF-I and GH in a weight ratio of IGF-I:GH of between 
about 1:1 and 100:1 (wAv). about 0.05-0.3 mM of an osmolyte. about 0.1-10 mg/mL of a stabil.er about 1-5 

m^ofasurfactant,andabout5-100mMofabufferataboutpH5-6,Preferably,theosmolyteisanmorganic 
25 salt and the surfactant is noniomc. More preferably, the morganic salt is sodium chloride or potassium chlonde 
the stabilizer is phenol or benzyl alcohol, the surfactant is polysorbate or poloxamer. the buffer is sodium acetate 
or sodium citrate or both, and the amounts of IGF-I and GH are about 2-20 mg/mL and about 0 2-10 mg/mL 
respectively, with the weight ratio of lGF-I:GHbemg between about 1:1 and 50:1. Even more preferably the 
amount of IGF-I is about 5-10 mg/mL. the amount of GH is about 1 -5 mg/mL, the weight ratio of IGF-I GH is 
30 about 1:1 to 4: 1. the amount of sodium chloride is about 5-7 mg/mL. the amount of phenol is about 0 1-3 mg/mL 
the amount of benzyl alcohol is about 6-10 mg/mL. the surfactant is polysorbate m an amount of about 1-3 
mg/mL, the amount of sodium acetate is about 2.5-4 mg/mL, and the amount of sodium citrate is about 0.1-1 
mg/mL. 

The following examples are offered by way of illustraUon and not by way of limitation. The disclosures 
35 of all citauons m the specificaUon are expressly incorporated herein by reference. 

EXAMPLE 1 

Introduction 

Renal function can be enhanced by administration of IGF-I at 100 ng/kg subcutaneously each day m 
the morning for four days in the setting of end-stage chrome renal failure as established by Miller el al.. . 



, supra. 
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in the context of end-stage chronic renal failure. ^ 
Methods 

5 F,ve u,d.vtduals over eighteen years of age w,th end-stage chronic renal insuffic.encv (ESRD) defied 

as a creatinbie clearance less than IS n,!/ • n -7, 2 •, '^'™cy (tj,j<u), dctmcd 

ancc less than 15 mL/m.n/l .73 n,2 w.thin the last six months and havmg characten.t.c 

hyp«».„^ The p.„e„ „„d „ have rend ™p„ .pp„^.„„ 5 

ofbrt.ft.«rfd«m«d«TO!<Moler«ice. • I soonnB! 

A renal biopsy demonstrated mterstitial nephritis and she has exoencnced 

P««» p„icip.M i, p,««,„ or 4 ,„ 20 wH,. I„ dMio., Ih, fa d.. of 0,= p»..=„„ 
.u„„^,„ ,B.eh™,ger M™he»,, w„.p.B, ^. ^ ^^^^ 



-12- 



wo 96/37216 

PCT^S96/06704 

« b, En^ocrt.. Sc.^, (C.1.W MU.. CA,, D^e.. „^,p„ ^„^^ ^, ^, 

r;;::o"„ T° "'^^ - 

* N.C p„ 6 <p™d=. b, G™„,.b. ^.c. So.«. S„ P™„c„, ca, . .0. „r 50 p^, .bou,«, 
p„ ..y « AM (QAM,. Tb.„ p„». „ „ ^ , J 

■nulm md PAH cleanaocs IGM. JOFBPl, IGFaP2, md I0FBP3 l™k. 

Results 

7'^-lshowsthei„u..c.earanceforpaUe„tsI-5forupto24days.U^^ It be seen th.t 
a,c .ul. clearance prog.ess.vely increased during .he course of the treatment reg:n,en of .:enn.„ent IGF-I 

earance also .creased with the treatment regunen. F.gure 3 shows the IGF-I levels for pafents 1-5 for up to 
4d t,e3.d,I.eanbesee„thatIGF-Ilevelsriseandfall With the .t^^^^^ 
IGF-I levels are .a«.a.ed with each cycle of treatment. Figure 4 shows the IGFBP3 levels forpat.ents 1-5 for 
up to 24 days .n the study. It can be seen that these levels generally are stable throughout the 24 days of the 
study. F.gure5showstheIGI^Pl,evelsforpatientsl-5forup.o24days.thestud, 
eve s generally rise with the treatment regimen. Figure 6 shows the IGFBP2 levels for patients 1-5 for up to 
24 days .n the study. These levels rise and fall w.th the mtennittent treatment reg^en. Figures 7-10 
respect.ve.y show the .aim clearance patten, for pat.«,ts 2-5 for a period of days and weeks m the studv 
F.gure 11 demonstrates the mean mulm clearance of the five patients treated far 24 days and the four paUen'ts 
that conunue on IGF-I for up to 8 weeks. 

The mtermment dosage treatment delayed by ten weeks the tm,e that Patient 3, who wa.s in the worst 
cond.t.on at baseline of the five patients stud.ed, had to undergo d.alysis. Il,c other four patients d.d not need 
.o be subjected to d,alys.s. T^e exerc.se tolerance for aU five pat:ents was improved. TT,e s.de effects 
expencnccd were mmmuzed, w:th local « at the site of injecfion in two of the five patients studied bemg 
a mmor effect. The glomerular filtration rate (GFR) for the five patients mcreased to 12.0 mL/mm/1 73 m^ „„ 
day 24 of the smdy. an increase of 56% over baseline. Most paUents require dialysis when the clearance rate 
.s below ,0.0 mL/min/,.73 m^. When compared to baselme. there was a stausUcally s:gmficant eievafon „ a.e 
combmed mulm clearances for patients 1-5 when exammed at days 14, 17,21.and24, 

The symptoms and routine laboratory studies of the five patients (baseline and treatment) are prov,ded 
m Tables I and n. respectively. The means and standard errors on Figures 1 -6 are provided in Table III 
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TABLE I 
Symptoms 



Svmntoms 


Admission 


1 jvionm 


Nausea 


4/5 


n/^ 


5 Pruritus 


5/5 


0/5 


Edema 


1/5 


1/5 


Shortness of 
breath 


1/5 


0/5 


1 0 Decreased exercise 
tolerance 


5/5 


• 1/5 


Sleep disturbance 


1/5 


0/5 


Side Effects 






Local irritation 


not applicable 


2/5 


1 5 Edema 


not applicable 


1/5 
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Summary and Conclusinn 

;°^-|-''-'^--ed safely, an intennit.e„tfe^^^ 
treat... resulted . a susta.ed ™p„t . .enal fUn.Uon over a 4-week penod ^th resoMon of .ost 
.e.cs^pto.s.Noadversesidee.ee.swereo.se.ed.p.entsre.^^^ 

The ..pro.™ . rer^al fUnet.on persisted throughout the adnuntstration cycle despite IGF-I levels retunu., 
o Ba.l.„e a^er each penod of 

IGF-I m an mtermittent manner did not suppress IGFBP3 levels over the course of four weeks 

or Ob • , " '° -^P" ESRD can delay 

or obviate the need for dialysis or transplantation. 

EXAMPLE II 

Control Study A 

^e,„. AIDS.a,««,« „Hexi. „i«, a. .ver.ge w.gh, loss oHS.S i 2,.. , 

or , ""^ 't'" '°'"''™- "* " " ^^^> h™. 

GF., fo™„,.„a ,. c,« b„», tobcd u, Ex™p,c I fo, ,2 h.«,. «.oh d., o„ . p^od of ,0 „.„ 
«o™, ...^ ^ , ^ „ „ , ^ 

20 throughout IGF-I infusion. lujiowea 

-'-^on was sigmficantly posWve during the first seven days of treatment (+9 52 
±4.0 B.p<0.05). but theeffect was transient. Nttrogen balance and indices 0^ 

threedays of treatment were unchanged compared tobaselme.TT,erewasatrend toward lower(132-K) 82^^^^ 

25 w.th low- ose IGF-I mIus.o„. W.th repeated ,GF-I adnumstra^on. pre-^ion IGF-I levels mcreased (low 
ose: day I. .5H23; day 5. 253± 55; day ,0. 249 ±51 ^g/L; p=0.02; high dose: day 1. ,24..6; day 5 222L. 
ay ,0 , 79128 ,g/L; p=0.02). bu, the increment in oirculatmg IGF-I dunng mfus.on decre.ed (low dose"da; 
1. 284±77; day 5. .32.55; day 10. 64±7 ^g/L; p=0.08; high dose: day 1. 376.42; day 5. 249.38; day 10 256.38 

.0 eve. of rGFBP3 (day 1. 3.09_.0.21; day 5. 2.77..0.27; day 10. 2.57_^.20 mg^; p=0.0003 for al, ,0 sublet! 
.ogether). Levels of IGFBPl and IGFBP2 were also sigmficantly affected by repeated IGF-I administration 

Hence, IGF-I promotes anabohsm bm tachyphylaxis develops rapidly. This is reported by L,ebennan 
«a/.(1993 andl994),5i/y,ra. - k > nnan 

Control Study R 

5 In thas study, the utihty of IGF-I was exammed m immob.lized paUents with severe head injuries a 

condition associated with profound hypercatabolism and nitrogen loss. Within 72 hours of mjury male and 
female patients (n=24, ,8-46 years) were randomized into two groups, receiving either an IV mius.'on of 0 01 
mg/kg/hr recombmant human IGF-I m citrate buffer as descnbed m Example I or salme for ,4 days Scnim 
glucose concentrations and nitrogen balance were determined on every day of treatment. The interrelafonships 

-17- 



wo 96/37216 

PCT/US96/06704 

established by measuring the plasma eoncentrations in samples collected nrior to H ' . ■ 
.e^sions. I„....,.,.,,,^,.eelG.,wasnotLj^^^^ 

„swe.eco.pa.ablebetween.e.„,o.psCo^^^^^^^^^ ^'^ 
In the 11 salme-treated patients, mean (+SE) total IGF-I was 91+n u.n , 

15 of OH d„,„rf t™, „ . „^ ^ , y ' ~* 

0.= p. =xp„„.., . p„,M„ 

i:i:n tr " " " ~ - - --Bt 

Intermittent nn^^r^j* > • 

These two studies show that for 7 davs nf fPrP T t..^,*™ * 
c^u 'A ^ ^ . ^ treatment an anabolic effect was observed whirh 

EXAMPLE in 

pt:r". T '° * - ™- 

.B.b,l,viopmiu„r^„.bfcH^jl^„^„^,^_^^^ljj,^___^^^ ^ 
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mtennittent dosing (3-12 days ^-.O days off treatment. 3-12 days tr.atn.cm. ... where U,e off- 

treatn,ent period chosen is no longer than the on-treatntent period uflized). their glucose levels w.ll be lowered 
without the side effects observed. 
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] . A method for administering insulin-like growth factor-I (IGF-I) to a mammal so as to sustain 
US biological response in the treatment of a chronic disorder tn the mammal eompr^smg admuust^g a 
therapeufcally effective amount of IGF-I to the mammal to provide an exposure to ,GF-I for a penod of tune 
that prov,des the maximum biological response in the mammal, then diseontmumg said admrntstrafon for a 
penod Of time equal to or less than the ti^e period dunng which the IGF-I was prev.ouslv admuustered then 
admmtstering a therapeutically effecttve amount of IGF-I to the mammal to provide an exposure to IGF-I for a 
penod of time that provides the maxunum b.ologtcal response in the mammal, then discontmuing sa.d 
admrn^strafon for a penod of time equal to or less than the t.me period d.nng whtch the IGF-I was jus. 
previously adm.mstered, and repeatmg tMs pattent of admrntstratton and discontinuance of admm.tratton for 
as long as necessary to achieve or mamtam sustained biological response in the mammal. 

2. The method of claim 1 wherein the mammal is a human. 

3. The method of claim 1 wherein the chronic disorder is chronic renal failure, 

4. The method of claim 1 wherein the chronic disorder is diabetes. 

15 5. The method of claim 1 wherein the chronic disorder is an anabolic disorder. 

6. The method of clami 1 wherein the chrome disorder ,s a neurological, cardiac or 
immunological disorder, 

7. TTie method of claim 1 wherein when the IGF-I is administered, it is administered at least once 

a day consecutively. 

20 8. The method of claim 1 wherein when the IGF-I is adminis.ered, it is administered m a long- 

actmg formulation. 

9. The method of claim 1 wherein the period that provides maximum biological response in the 
mammal . from about three to five days and the penod of discontinuance of treatment of the mammal is fi.m 
about two to four days. 

25 10. The method of claim 1 wherein the period that provides maximum biological response in the 

mammal is from about seven to twelve days and theperiod of discontinuance oftreatment of themamma^ 

about two to seven days. 

11. The method of clam. 1 further comprising administering another dmg to the mammal during 
the course of treatment. 

^° ' ^- ■^^^ ""^^^^ °f •^l'^ 1 1 wherein the dmg is growth hormone. 

13. The method of claim 1 1 wherein the dmg is atrial natriuretic peptide. 

14. The method of claim 1 1 wherein the dmg is an ACE inhibitor. 

15. The method of claim 1 1 wherein the dmg is an IGF-I binding protein or acid-labile subunit 

16. The method of claim 1 wherein the IGF-I is complexed with an IGF bindmg protein or acid- ■ 
35 labile subunit. 

1 7. The method of claim 1 wherein the IGF-1 is administered subcutancously or intravenously. 

18. A method for treating chronic renal failure in a mammal comprising administemig a 



40 



ttterapeutically effective amount of insulin-like growth facor-l (IGF-I) to the mammal to provide an exposure 
.0 IGF-I for from about three to twelve days, then discontinuing said administration for from about t.o to seven 
days, then admmistering a therapeutically effective amount of IGF-I to the mammal to provide an exposure to 
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days and repeating .h.s pa«en, of acWstra.ion and d.co„..„a„ce of adnunistraUon for as long as necessa,, 
o aolueve or .a... sustained .na.i^c.io„ in the .an^aU^ 
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The method of claun 1 8 wherein when the IGF-I is admintstered. it is administered for from 
about three to five days, ond when it .s not admm,ster«l, it is not admmtstered for from about two to four days 
20^ The method of claim 19 wherein when the IGF-I is administered, it is admm.tered for four 
days, and when it is not administered, it is not administered for three days. 

21. The method of claun wherein when the IGF-I ,s administered, it ,s admrnxstered for .s from 
about seven to twelve days, .d when it is not administered. ,t is not admmistered for from about two to seven 

22. The method of claim 1 8 wherem when the IGF-I is administered, it is administered a, leas. 

once a day consecutively. 

23. The method of claun 18 wherein when the IGF-I is administered, it is administered in a 
sustamed-release formal. 

24. The method of claim 1 8 wherein the mammal is human. 

25. Thcmethodofclaim24wheremtheamountofIGF-IadministeredperdayisaboutlOMg/kg 
to about 160fig/kg. 

26. The method of claim 25 wherein when the IGF-I is administered, it is administered daily or 
twice daily by a subcutaneous route. 

27. The method of clami 18 wherein the mamma] manifests end-stage chronic renal failure 
The method of clami 1 8 wherein an effective amount of an IGF bmdmg protem or acid labile 
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subunit or both is administered together with the IGF-L 



labile subunit, 



29. The method of claim 18 wherein the IGF-I is complexed with an IGF binding protein or acid 
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